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Design References: 
NHDOT Standard Specifications, Section 550 (for girder stability) 
LRFD Steel Design, 2nd Ed., by William T. Segui 
LRFD Design Manual, by the AISC 
 

Plans and Specifications: 
VTrans Contract Drawings 
ARC Steel Shop Drawings 

 
Description of Work: 

The bridge is multiple spans.  Provide temporary lateral support for the first girder 
line placed while placing the second girder line.  Set the first two girder sections 
across all girder lines before proceeding to the next two girder sections.  The 
permanent diaphragms are used during erection, to provide lateral support for 
subsequent girders.  After all girders are erected, the bolts will be torqued and 
inspected. 
 

Equipment Used: 
Link-Belt 138 HSL  
Link-Belt RTC 80110 
Link-Belt ATC 3210 
Link-Belt RTC 8050 (helper crane for temporary girder support) 
 

Check girder stability: 
From NHDOT spec: 

 
 
The girders must be kept stable while lifting, so the NHDOT standard specification 
550.3.14.2.4, for lifting of steel girders, will be used to check the girder pick points.   
 
Max interior support: a/b < 85; amax = 85*1.33’ = 113’, use 100’.  100’ max interior 
support spacing. 
 
Girder A: 
Flange width b = 16” = 1.33’ (note: use 25-ton beam clamps for 16”-24” wide 
flange.) 
Max overhang: d/b < 35; dmax = 35*1.33’ = 46’.  Girder length is 82’ / 2 = 41’ 
overhang if picked in the middle.  41’ < 46’, ok for 1 pick point. 
 
Girder B: 
Flange width b = 20” = 1.66’ (note: use 25-ton beam clamps for 16”-24” wide 
flange.) 
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Max overhang: d/b < 35; dmax = 35*1.66’ = 58’, use 50’ max.  Girder length is 89’ / 2 
= 45’ overhang if picked in the middle.  45’ < 50’, ok for 1 pick point. 
 
Girder C: 
Flange width b = 16” = 1.33’ (note: use 25-ton beam clamps for 16”-24” wide 
flange.) 
Max overhang: d/b < 35; dmax = 35*1.33’ = 46’.  Girder length is 108’ / 2 = 54’ 
overhang if picked in the middle.  N.G. – need spreader beam.   
108’ – 46’*2 = 16’, need 16’ min spreader beam with 31 k = 16 ton capacity. 
 
Girder D: 
Flange width b = 20” = 1.66’ (note: use 25-ton beam clamps for 16”-24” wide 
flange.) 
Max overhang: d/b < 35; dmax = 35*1.66’ = 58’, use 50’ max.  Girder length is 89’ / 2 
= 45’ overhang if picked in the middle.  45’ < 50’, ok for 1 pick point. 
 
Girder E: 
Flange width b = 20” = 1.66’ (note: use 25-ton beam clamps for 16”-24” wide 
flange.) 
Max overhang: d/b < 35; dmax = 35*1.66’ = 58’, use 50’ max.  Girder length is 70’ / 2 
= 35’ overhang if picked in the middle.  45’ < 50’, ok for 1 pick point. 
 
A note about pick overhangs: I understand it is common construction practice to use 
the above support distances in combination with additional loading from diaphragms, 
overhang brackets, etc.  Such extra weight is relatively small; for this girder, the self-
weight is at least 244 lb/ft, vs. approx. 20 lb/ft for diaphragms and hangers. 
 

Load to Pick: 
The weight of the pick is based on a single girder, plus any diaphragms and splice 
plates, and an allowance for rigging (sufficient to include typical spreader beams and 
beam clamps).   
 
The steel has the following max. piece weights, from the structural steel drawings: 
Diaphragms: 295 lb. ea.  Allow for 3 diaphragms on typ girders, 4 on girder C 
Splice Plates (max): 125*2 + 65*4 + 150*2 + 30*2 = 870 lb * 1.5 for bolts = 1300 lb 
at end of A&B girders, and both ends of D girders. 
Rigging: allow for 2500 lb for block and cable.  Girder C has additional 1200 lb for a 
20’ speader beam 
 
 

Girder stability with temporary crane supports: 
50-ton crane is to hold the first girders while the other cranes set the second girder 
line. 
 
Load on 50-ton crane: 
Girders A-B: crane is to lift at midpoint of span 1. 



Page 4 of 244

 
Support reaction at helper crane = 15.9 k 
RTC8050 has capacity = 17.8 k at R = 40’, ok radius per drawing. 
 
Girders A-D: 

 
Support reaction at helper crane = 18.5 k 
RTC8050 has capacity = 37.9 k at R = 25’, ok radius per drawing. 
 
Girder E: 
Less unbraced length than girdera A-B.  ok by inspection. 
 
Check stability of middle span, with helper crane picking girder.  Unbraced length is 
from last diaphragm on girder section B to pier 2. 
 
From Girder A-D configuration above: 

 
Lb = 153’ = 1836 in from last diaphragm on girder B to pier 2 
Unbraced length is comparatively very long vs Lb and Lr; assume elastic LTB.  Use 
section properties for girder C. 
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Mn = Cb*pi()/Lb* sqrt{ E*Iy*G*J + (pi()*E/Lb)^2 * Iy*Cw } < Mp
Cb 2.99
Lb 1836 in
E 29000 ksi
Iy 598 in^4
G 11200 ksi
J 9.18 in^4

Cw 793000 in^6
Mp = Fy * Zx = 50 ksi * 1749 in^4 = 87450 k-in

Mn = 8788.448 k-in
< Mp, use value shown.

Mu = 477 k-ft
5724 k-in
0.65 of Mn, ok.

also, the helper crane will provide some amount of lateral support  
 
 
 

Temporary Bracing at Supports for First Girder: 
 

Temporary bracing must resist 2% or the bending moment resisted by half the girder 
section, plus wind loading. 

 
The max moment while using the helper crane (assume helper crane is absent to 
maximize moments) is found to be at pier 1 & 2 while girders A-D are connected.  
Mmax = 866 k-ft = 10,400 k-in. 
 
For a T-section of half the girder, find the centroid (use smallest section): 

 

A ybar A*ybar
1/2 web 20.25 18 364.50
flange 14 36.4375 510.13
  sums: 34.25 874.63

  Ybar = 25.54 inches from centroid  
Compressive load from bending = 10400 k-in / 2 for compressive component / 25.54 
in Ybar = 204 k   
Brace load = 204 k * 0.02 = 4 k horizontal brace load. 
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Wind pressure: take as 30 mph.  Wind may add to the brace load, say for 40 mph, 
pressure (psf) = 0.00256*30 mph^2 = 2.3 psf * 6’ height * 2.0 for drag on a flat plate 
= 28 lb/ft / 2 for top flange * 157’ max tributary length = 2.2 k horizontal wind force.  
 
Total horizontal brace load = 4 k + 2.2 k = 6.2 k.  Total axial brace load for 45-deg 
brace = 6.2 k / sin(26) = 14 k axial load total.  Divide among several braces. 
 
For 1 brace each side of girder, each brace must support 14 k axial load.  By 
inspection, this force is resisted by min 2 runs of 3/8” cable (SWL = 14,840 lb / 2 = 
7.4 k ea) or chains connected to plate hooks at the girder, and tied down to adjacent 
anchor bolts.  Note the bracing material is to have SWL = 14,000 lb.  
 

Worker Protection: 
Workers will be allowed on the erected steel only while all girders are braced with 
diaphragms or temporary bracing as indicated above, or the workers are in manlifts or 
man baskets.  To allow worker access to the steel, fall protection posts and cable will 
be installed on girders prior to erection.  The DBI/Sala Protecta fall protection system 
requires cable supports every 60’ at maximum, so three posts will be used on the 124’ 
girders, and two posts on the 38’ girders.  After splicing, the fall protection lines will 
be strung the whole length of the bridge.  
 

Attachments: 
Crane Charts 
Beam Clamps Information 
Fall Protection Posts Information 
Steel Erection Plan, sheet 1/1 
 

7-11-16: Girder E changes 
Use 80110 to set girder E from below the bridge.  70’ radius is ok per drawing. 
 
Eliminate helper crane to support girder E.  Unsupported length = 70’ girder + 5’ to 
diaphragm on girder D = 75’.  Per above, the allowable interior support spacing = 
100’ > 75, ok. 
 
Check that end of girder D will be above its final position, when girders A-D are in 
place.  This check is to ensure girder splice will be possible without jacking the 
girders at pier 2. 

 

 
Deflection at end of girder D = +0.83”, positive deflection at end; ok. 
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7-13-16: Check girder stability during picks: 
Check the longest, skinniest girder (Girder section C) first.   
 
Check girder compactness: 
Flange:  

λ = 16”/ 2*0.875” = 9.14 
λp = 65/√50 ksi = 9.19 > 9.14, flange is compact. 
λr = 141 / √40 ksi = 22 

Web:  
λ = 72”/ 9/16” = 128 
λp = 640 / √50 ksi = 91 
λr = 970 / √50 ksi = 137 > 128 > 91, web is non-compact. 

 
Analysis for slender plate girders (AISC appendix G) is not applicable, as this girder 
is non-compact, not slender.  See below for analysis. 

 
Check for unbraced length = 108’ (entire girder), since there are no lateral braces: 
The plate girder is: web non-compact (not slender), flange compact. 
Flange:  

Fy = 50 ksi 
 
Lb = 108’ = 1296” 
Lp = 300*ry/√Fy  

ry = 2.95 in   
Lp = 300*2.95/√50 = 125” 
Lb > Lp, and Lb will be > Lr by inspection, so elastic LTB with non-compact 

section, and check LTB: 
Mn = Cb*π/Lb * √[ E*Iy*G*J + (π*E/Lb)^2 * Iy*Cw ] < Mp 

Take Cb = 1.0 since ends are not laterally supported 
Mn = 1.0*π/1296” * √[ 29,000 ksi * 598.4 in4 * 11,200 ksi * 9.18 in4 + 

(π*29,000 ksi/1296”)^2 * 598.4 in4 * 79.3E4 in6 ] = (units 1/in * √(k2 * in4) = k-in) 
Mn = 0.00242 * √[ 1.783E12 + 70.298^2 * 4.745E8 ] 
Mn = 4925 k-in;  
Mp = Fy*Zx = 50 ksi * 1749 in3 = 87,450 k-in so use Mn 
 

Applied moment: take girder dead weight and add 0 k at each end for splice cages 
(cages N/A on girder C).  Lever arm = 1296” / 2 – 20’ spreader /2 * 12 = 528” 
Load = 26.15 k girder + 0.295 k * 4 diaphragms = 27.33 k / 1296” = 0.021 k/in 
 
Mult = 0.021 k/in DL * 528^2/2 + 0 k * 528” = 2928 k-in, FoS = 4925 / 2928= 1.68, 
beam is okay with unsupported compression flange in Lateral-Torsional 
Bucking. 
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Check Web local buckling: noncompact 
Mn = Mp – (Mp – Mr) * (λ – λp) / (λr – λp) < Mp 

Mp = 87,450 k-in (above) 
Mr = (Fy-Fr)*Sx = 40 ksi * 1482 in3 = 59,280 k-in 
λ = 72”/ 9/16” = 128 
λp = 640 / √50 ksi = 91 < 128 
λr = 970 / √50 ksi = 137 > 128 > 91, web is non-compact. 

 
Mn = 87450 – (87450 – 59280) * (128 – 91) / (137 – 91) =  
Mn = 64,791 k-in >> LTB above, does not control.   Note, this is similar for other 
girders by inspection - do not need to check Web Local Buckling again.  The reason 
is the girder is relatively unsupported, so LTB very stongly controls the nominal 
strength. 
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Check girder A, controls over girder E.  Pick at one location. Same section properties 
as girder C.  
 
Check girder compactness: 

Flange is compact, web is non-compact. 
 
Analysis for slender plate girders (AISC appendix G) is not applicable, as this girder 
is non-compact, not slender.  See below for analysis. 

 
Check for unbraced length = 82’ (entire girder), since there are no lateral braces: 
The plate girder is: web non-compact (not slender), flange compact. 
Flange:  

Fy = 50 ksi 
 
Lb = 82’ = 984” 
Lp = 300*ry/√Fy  

ry = 2.95 in   
Lp = 300*2.95/√50 = 125” 
Lb > Lp, and Lb will be > Lr by inspection, so elastic LTB with non-compact 

section, and check LTB: 
Mn = Cb*π/Lb * √[ E*Iy*G*J + (π*E/Lb)^2 * Iy*Cw ] < Mp 

Take Cb = 1.0 since ends are not laterally supported 
Mn = 1.0*π/984” * √[ 29,000 ksi * 598.4 in4 * 11,200 ksi * 9.18 in4 + (π*29,000 

ksi/984”)^2 * 598.4 in4 * 79.3E4 in6 ] = (units 1/in * √(k2 * in4) = k-in) 
Mn = 7723 k-in;  
Mp = Fy*Zx = 50 ksi * 1749 in3 = 87,450 k-in so use Mn 
 

Applied moment: take girder dead weight and add 3 k at each end for splice cages + 
splices (cages N/A on girder C).  Lever arm = 984” / 2 = 492” 
Load = 20 k girder + 0.295 k * 3 diaphragms = 20.89 k / 984” = 0.022 k/in 
 
Mult = 0.022 k/in DL * 492^2/2 + 3 k * 492” = 4138 k-in, FoS = 7723 / 4138 = 1.86, 
beam is okay with unsupported compression flange in Lateral-Torsional 
Bucking. 
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Check girder B, same for girder D.  Pick at one location.  Note different section 
properties.  Use smallest section for strength.  Distribute weight evenly (conservative 
for bending). 
 
Check girder compactness: 
Flange:  

λ = 20”/ 2*1.125” = 11.25 
λp = 65/√50 ksi = 9.19 
λr = 141 / √40 ksi = 22 > 11.25 > 9.19, flange is non-compact 

Web:  
λ = 72”/ 9/16” = 128 
λp = 640 / √50 ksi = 91 
λr = 970 / √50 ksi = 137 > 128 > 91, web is non-compact. 

 
Analysis for slender plate girders (AISC appendix G) is not applicable, as this girder 
is non-compact, not slender.  See below for analysis. 

 
Check for unbraced length = 89’ (entire girder), since there are no lateral braces: 
The plate girder is: web non-compact (not slender), flange compact. 
Flange:  

Fy = 50 ksi 
 
Lb = 89’ = 1068” 
Lp = 300*ry/√Fy  

ry = 4.19 in   
Lp = 300*4.19/√50 = 177” 
Lb > Lp, and Lb will be > Lr by inspection, so elastic LTB with non-compact 

section, and check LTB: 
Mn = Cb*π/Lb * √[ E*Iy*G*J + (π*E/Lb)^2 * Iy*Cw ] < Mp 

Take Cb = 1.0 since ends are not laterally supported 
Mn = 1.0*π/1068” * √[ 29,000 ksi * 1501 in4 * 11,200 ksi * 27.3 in4 + (π*29,000 

ksi/1068”)^2 * 1501 in4 * 20.0E5 in6 ] = (units 1/in * √(k2 * in4) = k-in) 
Mn = 0.00242 * √[ 1.783E12 + 70.298^2 * 4.745E8 ] 
Mn = 17,454 k-in;  
Mp = Fy*Zx = 50 ksi * 2374 in3 = 118,700 k-in so use Mn 
 

Applied moment: take girder dead weight and add 3 k at each end for splice cages 
(cages N/A on girder C).  Lever arm = 1068” / 2 = 534” 
Load = 31.3 k girder + 0.295 k * 3 diaphragms = 32.19 k / 1068” = 0.031 k/in 
 
Mult = 0.031 k/in DL * 534^2/2 + 3 k * 534” = 6022 k-in, FoS = 17454 / 6022= 2.90, 
beam is okay with unsupported compression flange in Lateral-Torsional 
Bucking. 
 
Web local buckling okay by inspection, above. 
Check Flange local buckling: noncompact 
Mn = Mp – (Mp – Mr) * (λ – λp) / (λr – λp) < Mp 

Mp = 118,700 k-in (above) 
Mr = (Fy-Fr)*Sx = 40 ksi * 2091 in3 = 83,640 k-in 
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λ = 20”/ 2*1.125” = 11.25 
λp = 65/√50 ksi = 9.19 
λr = 141 / √40 ksi = 22 > 11.25 > 9.19, flange is non-compact 

 
Mn = 118700 – (118700 – 83640) * (11.25 – 9.19) / (22 – 9.19) =  
Mn = 113,061 k-in >> LTB above, does not control.   Note, this is similar for other 
girders by inspection - do not need to check Flange Local Buckling again. 
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Link-Belt HTC-86100 100-ton crane 
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Link-Belt RTC 80110: 
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Link-Belt ATC 3210: 
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Link-belt RTC 8050 II: 
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